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An extruded/blow moulded 
bottle, together with a process for 
producing the bottle. The bottle has 
wall structure (10) comprising 
„ layer (11) of foamed plastic 
material which is surrounded by 
outer, solid layers (12 and 13) of 
plastic of the same type as the 
plastic in the foamed layer (11). 
The material in the foamed layer 
(11) includes a rigid polymer 
component and a ductile polymer 
component in a mixing ratio of 
from 1:3 to 3:1, and in addition 
the foamed layer (11) constitutes at 
least 50% of the total weight of the 
bottle. The bottle is produced by a 

^rL^^Zr:S g material including the two polymer components and a ^^^^ZT^l 
melted and under excess pressure, is forced through an annular nozzle dunng s.multaneous expansion of the formed C0 2 blisters. The 
formed, foamed hosTis accommodated in a mould cavity and inflated with the aid of air at high pressure to the desired bottle configuration. 
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AN EXTRUDED/BLOW MOULDED BOTTLE, AS WELL AS A METHOD 
AND MATERIAL FOR PRODUCING THE BOTTLE 

TECHNICAL FIELD 

5 The present invention relates to a bottle or similar container which is 

produced by a combined extrusion/ blow moulding process. The present 
invention also relates to an extrusion/ blow moulding process, together with 
a granulate starting material for the production of said bottle or similar 
container. 

10 

BACKGROUND ART 

Bottles and similar containers of plastic are conventionally produced 
by a combined extrusion/ blow moulding process in which granulate 
starting material of plastic is fed into a screw/ cylinder apparatus together 

15 with other additives selected for the container production process. By means 
of the rotating screw fitted with helical blade, the starting material is 
advanced through the cylinder at the same time as it is melted and the 
above-mentioned additives are distributed and thoroughly mixed 
throughout the entire molten plastic mass. The molten, homogeneous plastic 

20 mass is pressed through a tool (nozzle) which is disposed at the front end of 
the apparatus and is provided with an annular aperture for forming a tube 
or hose. The extruded hose is inserted into and accommodated by a mould 
cavity formed by moving mould halves, whereafter the hose end thus 
accommodated between the mould halves is cut and inflated to the inner 

25 walls of the mould cavity by means of a blowpipe which is inserted in the 
hose and is in valve-regulated communication with a source of high pressure 
air. The compressed air communication is broken and the mould halves are 
separated from one another for removing the extruded /blow moulded 
container whose geometric outer configuration exactly corresponds with the 

3 0 configuration defined by the inner walls of the mould cavity. 

In the above-described method, for example bottles of high density 
polyethylene (HDPE) are produced for milk and similar liquid foods. With 
the aid of modern, high speed filling machines, the freshly produced, empty 
bottles are filled with the pertinent contents, whereafter the filled bottles are 
35 sealed by means of a suitable sealing agent or capsule device which is 
applied in liquid-tight fashion on the bottle over the open bottle neck. Filled 
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bottles discharged from the filling machine are thereafter collected in stacks 
or groups suitable for distribution, for further transport out to a sale or 
consumption point for the packed product. 

While the handling of the filled bottles takes place by machine as far 
5 as this is at all possible, there nevertheless occur occasions when the bottles 
or bottle groups must be handled manually as in, for example, certain 
reloading and relocation operations. 

A serious drawback inherent in the prior art extruded /blow moulded 
bottles of high density polyethylene (HDPE) is that they are excessively, but 

10 of necessity, relatively thick- walled and therefore unnecessarily heavy and 
unwieldy to handle manually. The relatively large wall thickness is, on the 
other hand, necessary in order that the requisite mechanical strength and 
rigidity be imparted to the bottle, and such mechanical strength and rigidity 
deteriorates dramatically and becomes insufficient if the wall thickness of the 

15 bottle is less than a minimum value which, at least to some extent, is 
determined by the relevant bottle shape. In addition to its excessive, but 
necessary wall thickness, the prior art extruded/ blow moulded bottle 
consumes an unnecessary amount of material and is, therefore, costly in 
production. 

20 

OBJECTS OF THE INVENTION 

One object of the present invention is thus to obviate the above- 
described drawbacks inherent in the prior art technology. 

A further object of the present invention is to realise an 
25 extruded /blow moulded bottle of plastic with greatly reduced material 
weight, but maintained desired superior mechanical strength and rigidity in 
order to be able to be handled easily and conveniently. 

These and other objects and advantages will be attained according to 
the present invention as a result of the extruded /blow moulded bottle as 
30 defined in independent Claim 1. 

Further expedient embodiments of the bottle according to the present 
invention have moreover been given the characterizing features as set forth 
in appended subclaims 2 to 6. 

A further object of the present invention is to realise a combined 
35 extrusion/ blow moulding operation for producing such weight-reduced, 
mechanically strong and rigid plastic bottles. This object has been attained 
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according to the present invention by means of the process as defined in 
independent Claim 7. Expedient embodiments of the process according to 
the present invention have further been given the characterizing features as 
set forth in appended subclaims 8 to 11. 
5 Yet a further object of the present invention is to realise a suitable 

starting material of plastic for producing the extruded /blow moulded bottle. 
This object is attained according to the present invention by means of the 
granulate plastic material as defined in independent Claim 12. 

10 OUTLINE OF THE INVENTION 

The material in the foamed intermediate layer in the extruded /blow 
moulded plastic bottle should thus consist of a mixture of a first rigid 
polymer component and a second, soft (ductile) polymer component, of 
which the first, rigid component forms the skeleton or interstices in the 

15 foamed wall layer structure, while the second, soft (ductile) polymer 
component forms a skin or cell wall between the above-mentioned skeleton 
or interstices, respectively. Preferably, the rigid and ductile (soft) polymer 
components are of the same polymer type. 

Examples of such rigid polymer components which have proved to be 

20 usable in the foamed intermediate layer material in the extruded /blow 
moulded plastic bottle according to the present invention may be high 
density polyethylene (HDPE), high melt-strength polypropylene (HMS PP), 
etc., while examples of such ductile (soft) polymer components which have 
proved to be usable in the foamed intermediate layer material may be low 

25 density polyethylene (LDPE), polypropylene for general purposes (GP PP), 
etc. 

A particularly preferred combination of rigid polymer component 
and ductile (soft) polymer component is, according to the present invention, 
low density polyethylene (LDPE) and high density polyethylene (HDPE) in 

30 which the mixing ratio of LDPE to HDPE is 1:3-3:1 based on weight. 
Optimum results concerning the weight and rigidity in the extruded/ blow 
moulded plastic bottle according to the invention are achieved when the 
mixing ratio of LDPE to HDPE is 1.5:1. 

The rigid, skeleton-forming polymer component in the foamed 

3 5 intermediate layer in the extruded/ blow moulded plastic bottle according to 
the present invention may also be defined as a polymer component which 
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has a high crystallisation degree (high crystalline), high density, few short 
chain branches per 1000 C atoms and no long chain branches at all. 
Correspondingly, the ductile (soft) polymer component may be defined as a 
polymer component which has low crystallisation degree (low crystalline), 
5 low density, many short chain branches per 1000 C atoms and also long 
chain branches. Concerning the rigid polymer component of HDPE, this 
implies a density in the range of 950-970 and a melt index in the range of 0.5- 
1.5, while, for the ductile (soft) polymer component of LDPE, this implies a 
density in the range of 915-922 and a melt index in the range of 4.5-8.5. 

10 The chemical blowing agent with which the mixture of the rigid and 

ductile (soft) polymer components is to be expanded or foamed may, 
according to the present invention, be sodium hydrocarbonate and /or citric 
acid, preferably a mixture of these two blowing agents in stoichiometric 
proportions. The total quantity of blowing agent which is employed in the 

15 production of an extruded /blow moulded plastic bottle by the method 
according to the present invention may vary from approx. 0.5 to approx. 
2.5% of the total weight of the mixture. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWING 
20 The present invention will now be described in greater detail 

hereinbelow with the aid of a preferred but non-restrictive Example and 
with reference to the accompanying Drawing which schematically illustrates 
a cross section of a wall material of an extruded /blow moulded plastic bottle 
according to the present invention. 

25 

DESCRIPTION OF PREFERRED EMBODIMENT 

According to the preferred embodiment which is shown schematically 
on the accompanying Drawing, the wall material carrying the generic 
reference numeral 10 comprises, in an extruded/ blow moulded plastic 
30 bottle, a central layer 11 and two outer skin layers 12 and 13 on both sides of 
the central layer 11. 

The material in the central, foamed layer 11 consists, as was 
mentioned above, of a mixture of a first rigid polymer component and a 
second ductile (soft) polymer component which, in the relevant 
3 5 embodiment, is an HDPE component and an LDPE component, respectively, 
of which the HDPE component has a density in the range of 950-970 and a 
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melt index in the range of 0.1-1.5, while, correspondingly, the LDPE 
component has a density in the range of 915-922 and a melt index in the 
range of 4.5-8.5. The mixing ratio between the two polymer components (i.e. 
LDPE:HDPE) should be between 1:3 and 3:1, preferably 1.5:1, in order to 
5 give optimum results as regards rigidity /thickness of the produced plastic 
bottle. 

The two outer wall layers 12 and 13 may be the same or different, but 
are preferably the same and produced from a polymer possessing a high 
modulus of elasticity, for example HDPE, whereby high strength and 
10 rigidity will be attained as a result of the so-called I-beam effect, as will be 
well-known to a person skilled in the art. 

The relative thicknesses of the central, foamed wall layer 11 and the 
two outer homogeneous wall layers 12 and 13 are preferably such that the 
central, foamed wall layers 11 takes up approx. 50-100% of the total weight 
15 of the wall material, while the two outer, homogeneous layers 12 and 13 
together constitute approx. 0-50% of the total weight of the wall material. 

A bottle for packing and transporting liquid foods, for example milk, 
for refrigerated distribution is produced according to the present invention 
by means of a combined (co-)extrusion/blow moulding process comprising 
20 a first (co-)extrusion step and a subsequent, second blow moulding step. 

Granulate starting material containing, i) a first rigid polymer 
component, preferably HDPE, ii) a second ductile (soft) polymer component 
(LDPE) and iii) a chemical blowing agent, preferably sodium hydrocarbonate 
and/ or citric acid, is fed into a screw/ cylinder apparatus through a 
25 replenishment hopper disposed at the rear end of the apparatus. The ratio 
between the components included in the granulate starting material is such 
that the ratio of the ductile (soft) LDPE component to the rigid HDPE 
component lies within the range of 1:3-3:1, preferably 1.25:1. The quantity of 
the chemical blowing agent should be 0.5-2.5% of the total weight of the 
30 granulate starting material. The infed granulate starting material is subjected 
to high temperature in an infeed zone of the screw/ cylinder apparatus in 
which the free area between the walls of the cylinder and the screw core is 
minimised in order to create superior mixing conditions for the infed 
components in the starting material and, at the same time as the starting 
35 material is heated to such an elevated temperature that the chemical blowing 
agent (sodium hydrocarbonate and citric acid) is decomposed for the 
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formation of carbon dioxide and sodium hydrocarbonate and citric acid 
residues acting as nucleation seats in the molten plastic mass. 

The molten, homogeneously mixed plastic starting material is 
advanced by the rotating screw fitted with helical blades from the infeed 
5 zone to a further compression zone, at the same time as the starting material 
is cooled for the formation of a cool homogeneous mixture under a pressure 
of between 200 and 300 bar excess pressure. At this high pressure, the 
released carbon dioxide is converted into overcritical state. 

The cooled, pressurised plastic melt is thereafter forced out through a 

10 tool (nozzle) which is disposed at the front end of the screw/ cylinder 
apparatus and is provided with an annular nozzle aperture, for the 
formation of a hose at the same time as the overcritical carbon dioxide 
instantaneously expands at the pressure transition from the above- 
mentioned excess pressure of 200-300 bar to normal atmospheric pressure, 

15 for the formation of the foamed wall layer structure. 

The extruded, foamed hose of LDPE/HDPE is introduced into the 
region between two movable mould halves which are brought together for 
the formation of a mould cavity in which the hose is accommodated. The 
hose accommodated in the mould cavity is cut and the two mould halves are 

20 transferred to a mould blowing station in which the hose portion 
accommodated between the mould halves is inflated, by means of a 
blowpipe inserted into the hose, towards the inner walls in the mould cavity 
defined by the mould halves. Thereafter, the mould halves are separated 
from one another for removing (or stripping) the blow moulded bottle 

25 whose geometric outer configuration thus substantially corresponds to the 
inner mould cavity configuration. 

In an alternative embodiment, the above-mentioned screw/ cylinder 
apparatus may be supplemented with at least one additional screw/ cylinder 
apparatus connected to the same common tool for co-extrusion of solid 

30 (dense) outer layers 12 and 13, as shown on the Drawing. Such a wall 
structure affords an extremely high mechanical strength and rigidity at very 
low material consumption seen as a whole. 

In the above-described method according to the present invention, 
extruded /blow moulded plastic bottles may be produced with a nominal 

35 inner volume of 1L with the same or comparable rigidity and strength as a 
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conventional bottle produced from HDPE, but with up to 30% less material 
consumption. 

The present invention should not be considered as restricted to that 
described above and shown on the Drawing, many modifications being 
conceivable without departing from the scope of the appended Claims. 
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WHAT IS CLAIMED IS: 

1. An extruded/blow moulded bottle, characterized in that it has a wall 
structure (10) comprising a layer (11) of foamed plastic material of a first, 

5 rigid polymer component and a second, ductile (soft) polymer component. 

2. The extruded/ blow moulded bottle as claimed in Claim 1, 
characterized in that the foamed layer (11) is surrounded by outer, solid 
layers (12 and 13) of plastic of the same type as said first, rigid polymer 

10 component in the foamed central plastic layer (11). 

3. The extruded /blow moulded bottle as claimed in Claim 1 or 2, 
characterized in that the first, rigid polymer component is selected from the 
group essentially comprising high density polyethylene and high melt- 

15 strength polypropylene; and that the second, ductile (soft) polymer 
component has been selected from the group essentially comprising low 
density polyethylene and polypropylene for general purposes, said first and 
said second polymer components being of the same polymer type. 

20 4. The extruded/ blow moulded bottle as claimed in any of the 
preceding Claims, characterized in that the mixing ratio of the first, rigid 
polymer component to the second, ductile (soft) polymer component in the 
foamed plastic layer (11) is between 1:3 and 3:1. 

25 5. The extruded / blow moulded bottle as claimed in any of Claims 2 to 4, 
characterized in that the central, foamed plastic layer (11) takes up between 
50 and 100% of the total weight of the wall material, while the two outer, 
surrounding plastic layers (12 and 13) together take up between 0 and 50% of 
the total weight of the wall material. 

30 

6. The extruded/ blow moulded bottle as claimed in any of Claims 2 to 5, 
characterized in that the two outer, surrounding layers (12 and 13) display 
substantially the same layer thicknesses. 

35 7. A process for producing an extruded/ blow moulded bottle as 
claimed Claims 1, characterized in that a granulate plastic material 



BNSDOCID: <WO 9853986A1 J_> 



WO 98/53986 



PCT/SE98/00970 



comprising a first, rigid polymer component, a second, ductile (soft) polymer 
component and a chemical, carbon dioxide-generating blowing agent is 
carefully mixed during simultaneous heating for decomposition of the 
chemical blowing agent for the formation of a molten plastic mass with 
5 homogeneously distributed carbon dioxide blisters; that the thus molten, 
carbon dioxide-containing plastic mass is compressed to an excess pressure 
in the range of between 300 and 400 atmospheres during simultaneous 
cooling for converting the carbon dioxide blisters into an overcritical state; 
that the compressed, cooled plastic melt is forced through an annular nozzle 
10 aperture during simultaneous expansion of the overcritical carbon dioxide 
blisters for the formation of a hose of foamed structure; that the foamed hose 
is accommodated in a mould cavity formed between moving mould halves 
whose inner defining walls determine the geometric outer configuration of 
the finished bottle; that, the hose accommodated in the mould cavity is 
15 inflated by means of a blowpipe at least party inserted into the hose and in 
communication with a source of high pressure air; and that the hose thus 
inflated against the inner walls of the mould cavity is removed from the 
mould cavity for the formation of the extruded/blow moulded bottle 
displaying foamed wall structure. 

20 

8. The process as claimed in Claim 7, characterized in that the first, rigid 
polymer component is selected from the group essentially comprising high 
density polyethylene and high melt-strength polypropylene; that the second, 
ductile polymer component is selected from the group essentially 
25 comprising low density polyethylene and polypropylene for general 
purposes; and that the mixing ratio between the first, rigid polymer 
component and the second, ductile (soft) polymer component is set in the 
region between 1:3 and 3:1. 

30 9. The process as claimed in Claim 7 or 8, characterized in that the 
chemical, carbon dioxide-generating blowing agent is selected from the 
group essentially comprising sodium hydrocarbonate, citric acid and 
mixtures thereof; and that the quantity of blowing agent is approx. 0.5-2.5% 
of the total weight of the mixture. 

35 



9B53986A1J_> 



WO 98/53986 PCT/SE98/00970 

10 

10. The process as claimed in any of Claims 7 to 9, characterized in that 
the molten, cooled plastic mass is forced through the annular nozzle 
aperture at the same time as molten, homogeneous polymer, by a co- 
extrusion process, is forced through corresponding, annular nozzle apertures 

5 for the formation of the surrounding outer layer of the foamed central hose 
layer. 

11. The process as claimed in Claim 10, characterized in that the 
homogeneous polymer for the two surrounding outer layers consists of a 

10 rigid polymer of the same type as the rigid polymer component in the 
foamed central hose layer. 

12. A granulate plastic material for carrying out the process as claimed in 
Claim 7, characterized in that it includes a first, rigid polymer component, a 

15 second, ductile (soft) polymer component and a chemical, carbon dioxide- 
generating blowing agent, the mixing ratio between the first, rigid polymer 
component and the second, ductile (soft) polymer component is between 1:3 
and 3:1 based on weight, and the quantity of the chemical carbon dioxide- 
generating blowing agent is approx. 0.5-2.5% of the total weight of the 

20 mixture. 

13. The granulate plastic material as claimed in Claim 12, characterized 
in that the chemical carbon dioxide-generating blowing agent has been 
selected from the group essentially comprising sodium hydrocarbonate, 

25 citric acid or mixtures thereof. 
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